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Description
BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

The disclosure relates to intercomputer message
communication and synchronization protocol particu-
larly with respect to the implementation of an inter-
face module for coupling a work station to a local area
network (LAN).

2. BACKGROUND

Intellegent work stations, such as the family of
universal work stations manufactured by Unisys Cor-
poration, are becoming ubiquitous in present day
office environments. As the number of work stations
in the office environment continues to increase, the
requirement for efficient mechanisms for communi-
cating between the work stations has also increased.
Local area network (LAN) technology has emerged as
a potential solution to the problems associated with
connecting large numbers of work stations and
peripherals via a relatively high speed data path. One
of the limitations to the widespread use of LANS has
been the cost associated with connecting a work sta-
tion to a LAN. Such interconnect cost may be as high
as $500 - $1000 per work station which expense is
often unjustified in the office environment.

One solution to the high interconnect cost of
LANS in the office environment has been the utili-
zation of a simple, high speed master/slave cluster
protocol for effecting inter work station communi-
cation. The primary advantage of the cluster
approach is the relatively low interconnect cost. The
major problem with clustering, however, is that as the
number of work stations increases, performance dec-
reases primarily because of the overhead at the mas-
ter work station assigned the task of managing the
cluster. Replacing the master work station with a su-
per-minicomputer may increase the number of work
stations supported, but eventually this configuration
will suffer from the disadvantages associated with a
logical star configuration.In such configurations fail-
ure of the cluster or star master work station can result
in failure of the entire interconnected network.
Additionally the master work station in such configu-
rations is limited to the number of slave work stations
that it can support.

Although, as described above, large numbers of
peer work stations may be interconnected via a LAN,
the interconnect cost per work station is excessive.
Additionally when endeavoring to connect a work sta-
tion to a high speed LAN, the high data transfer rates
of the LAN tend to usurp the processing time of the
work station,processor to the extent that the pro-
cessor may not have sufficient time remaining to per-
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form required processing tasks. The processor may
only have time to service the LAN. This problem is
exacerbated if it is desired to connect a plurality of
clustered work stations to a LAN. The cluster master
work station, which would be connected to the LAN,
would be unable to manage the cluster, perform its
own processing tasks and service the LAN. A solution
to the interconnect problem may be to provide an
additional processor in the master work station to
serve as a gateway between the master work station
and the LAN. The additional processor would prefer-
ably operate asynchronously with respect to the mas-
ter work station processor. Present day message
synchronization and control protcols for message
transmission between loosely coupled processors are
not sufficiently efficient to service a high speed LAN
without overloading the message transmission
capability between the processors. Interrupt signals
transmitted between the processor: on an inter-
processor bus are often utilized to effect interproces-
sor synchronization. This arrangement suffers from
the disadvantage that large numbers of bus conduc-
tors are required, dedicated, respectively, to the vari-
ous synchronization interrupts as well as to the
specific processor interconnections. This disadvan-
tage is exacerbated for configurations having signifi-
cant numbers of processors connected to the bus.

An additional disadvantage of present day mes-
sage synchronization protocols arises when two pro-
cessors endeavor to write to the same memory
location. Hardware and software lock mechanism are
utilized to prevent destruction of information. A typical
lock mechanism utilizes a shared variable that the
processors read to determine its availability. If the
variable is available the requesting processor locks it
and alters it to indicate nonavailability. Other proces-
sors endeavoring to write to the location wait on a
queue for access. When the accessing processor has
completed its task, the shared variable is unlocked
and the queued processors are notified that access is
available. Locking mechanism tend to add hardware
expense to a system as well as additional undesirable
overhead. Locking mechanisms tend to be cumber-
some and slow in the management thereof. Locking
mechanism have a further disadvantage that should
a processor fail while owning lock, implementation of
a mechanism to recover from the failure and release
the lock is difficult.

US-A-4 365 294 describes a modular terminal
system using a common bus in which a CPU com-
municates with one or more a slave modules using a
single system bus. Communications to the different
modules are distinguished by providing a unique mod-
ule address before each instruction. Each instruction
received by a slave module is acknowledged. An arti-
cle, "Inter-Processor Communication in a Distributed
Processing System -- GTD-5 EAX" by D. P. Bitner
(First Annual Phoenix Conference on Computers and
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Communications, 1982 Conference Proceedings, g -
12, May 1982, IEEE, pages 263-266) describes an in-
ter-processor communication between processors
using a common memory unit. Messages are discov-
ered in the memory by continuous polling by each pro-
cessor. "MicroStandards P1296: The Interprocessor
Communication Standard" (IEEE Micro, volume 6,
No. 3, June 1986, pages 72-77) describes methods
for optimal use of a main system bus for communi-
cation by processors. The system described uses a
common memory unit and, for two or three proces-
sors, describes a message transfer system using
interrupt signals.

The present invention provides apparatus for
effecting communication among plural digital proces-
sors, one of said processors acting as a transmitting
processor having a message to be transmitted to
another of said processors acting as a receiving pro-
cessor, said apparatus having common memory
accessible to all said processors, and a plurality of
mailbox locations corresponding to said plurality of
processors, respectively, in said common memory,
said mailbox locations corresponding to said trans-
mitting processor being utilized for transfer of mes-
sages from said transmitting processor to receiving
processors, means in said transmitting processor for
generating said message to be transmitted to said
receiving processor and for writing said message into
said mailbox location corresponding to said transmit-
ting processor, said message including an address
signal representative of said receiving processor,
characterized in that said transmitting processor
includes awakening means for sending an interrupt
signal to said receiving processor to interrupt said
receiving processor to alert said receiving processor
thata message addressed to said receiving processor
is in one of said plurality of mailbox locations, and in
that said receiving processor includes polling means
for scanning said mailbox locations, in response to
said interrupt signal, to find a mailbox location having
an address signal therein representative of said
receiving processor, whereby said receiving pro-
cessor finds said message in said mailbox location
having its address signal therein.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic block diagram of plural
clustered work stations where each cluster is connec-
ted to a LAN via a LAN interface module in accord-
ance with the preferred embodiment of the invention.

Figure 2 is a schematic block diagram of details
of the LAN interface module of figure 1.

Figure 3 is a schematic block diagram of the bus
interface logic of the module of figure 2.

Figure 4 is a schematic block diagram of the
synchronization logic of figure 3.

Figure 5 is a detailed schematic block diagram of
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the synchronization logic of figure 4 implemented in
accordance with the preferred emodiment of the
invention.

Figure 6 is a schematic block diagram of two pro-
cessors interconnected by a system bus configured in
accordance with the message communication pro-
tocol of the present invention.

Figure 7 is a graphical illustration of mailbox loca-
tion contents in accordance with the preferred emo-
diment of the invention.

Figure 8 is a chart of the contents of an inter-
processor request block (IPRB) used in the message
communication protocol of the preferred emodiment
of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to Figure 1 a typical system topology of
clustered work stations communicating via a LAN is
depicted. The system of Figure 1 illustrates three
work station clusters 10, 11, and 12 each connected
locally via cluster communications and globally via a
LAN 13. The LAN 13 may, for example, comprise an
802.3 10 MB CSMA/CD LAN. Each of the clusters 10,
11, and 12 is comprised of a master work station 14
coupled to one or more slave work stations 15 via
cluster communications. Each of the clusters 10, 11,
and 12 is connected to the LAN 13 via a LAN interface
module 16. In the Unisys Corporation family of univ-
ersal work stations utilizing modular construction, the
LAN interface module 16 is connected physically
adjacent the other modules of the master work station
14 and couples electrically thereto via the system or
work station bus internal to the master work station
14.

Logically any of the slave work stations 15 con-
nected to a master 14 with a LAN interface module 16
can communicate over the LAN 13. The actual physi-
cal data path, however, is through each of the cluster
masters 14. LAN messages can originate in any work
station. The actual transmission of messages from the
transport layer and below is controlled by a processor
and the circuitry in the LAN module 16. Higher levels
of the protocol are the responsibility of the main pro-
cessor within each of the work stations. The main pro-
cessor in each of the master work stations 14 and
each of the slave work stations 15 is, for example, an
80186 class microprocessor with appropriate mem-
ory and support logic as well as circuitry for Interfac-
ing the 80186 to the other sections of the work station.
The message communication synchronization of the
present invention is utilized in the system of Figure 1
in synchronizing message transmission between the
main processor of the master work station 14 and an
auxilary processor in the LAN interface module 16 in
a manner to be described.

Referring to Figure 2, in which like reference
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numerals indicate like components with respect to
Figure 1, a schematic block diagram of the sections
of the LAN interface module 16 is illustrated. The LAN
interface module 16 comprises four sections of logic;
viz, a LAN interface section 20, a RAM section 21, a
processor section 22, (auxilliary processor) and a
work station bus interface section 23.

The LAN interface section 20 couples to the LAN
13 in a conventional manner utilizing a standard bus
schematically depicted at 24. When the LAN 13 is an
802.3 standard, the LAN interface section 20 is com-
prised of industry standard VLSI chips for connecting
to the 802.3 LAN. The VLSI components may, for
example, include an intel 82586 LAN co-processor ,
a Seeq 8002 Manchester Encoder and a National
Semiconductor 8392 integrated ftransceiver. The
transceiver is coupled to the LAN 13 for two way com-
munication therebetween via the bus 24. The trans-
ceiver communicates information from the LAN 13 to
the 82586 co-processor. The co-processor communi-
cates with the LAN 13 via the Manchester Encoder
and the transceiver. The co-processor in the LAN
interface section 20 communicates with the RAM 21
via a bus 25. The RAM 21 is a dual ported RAM with
the bus 25 connected to one of the ports thereof.

The LAN interface section 20 operates in parallel
with respect to the processor section 22 and the work
station bus interface section 23. Communications be-
tween the 82586 co-processor of the LAN interface
section 20 and the processor section 22 as well as the
bus interface section 23 are via buffers in the dual
ported RAM section 21. All commands and data to
and from the co-processor are transmitted directly
through the section 21. Thus once initialized, the
82586 co-processor in the LAN interface section 20
and the processor section 22 operate completely in
parallel and messages can be received or transmitted
on the LAN 13 regardless of whether or not the pro-
cessor section 22 is busy.

The RAM section 21, comprising a conventional
dual ported RAM and standard support circuitry, has
one port thereof coupled to the LAN interface section
20 via the bus 25 and the second port thereof coupled
to the processor 22 and the work station bus interface
section 23 via a bus 26. Dual ported memory is
utilized in the LAN interface module 16 to support
simultaneous access to memory by the processor
section 22 and the LAN interface section 20. The LAN
interface module 16 therefore has the capability to
simultaneously receive and process messages from
the LAN 13. The RAM 21 is designed with a fairly large
capacity to support buffering of a large number of
messages in situations where the main processor in
the master work station 14 is busy handling other
tasks. The design parameters are selected so that no
messages from the LAN 13 are missed because of
lack of response from the main processor.

The processor section 22 comprises an 80186
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class microprocessor with the required memory
chips, support logic and buffers for operating and
interfacing the 80186 in the processor section 22 with
respect to the other sections of the LAN interface
module 16. In the system described herein ROM
capabilities of the processor section 22 are limited
because operational software is downloaded from the
main processor of the master work station 14. The
processor section 22 is connected for two way infor-
mation flow to both the RAM section 21 at one of the
ports thereof and to the work station bus interface
section 23 via the bus 26.

The work station bus interface section 23
receives information from the processor section 22
and the RAM section 21 via the bus 26 and couples
to a work station system internal interconnection bus
27 via a bus 28. The internal work station bus 27
couples to the main processor 29 in the master work
station 14. The work station bus interface section 23
contains the logic necessary to interface the LAN
module 16 to the main processor of the master work
station 14 via the internal interconnection bus 27. The
work station bus interface section 23 contains
apparatus utilized in the transmission of data as well
as in the synchronization of the data communication
in a manner to be described.

Referring to Figure 3, in which like reference
numerals indicate like components with respect to fig-
ures 1 and 2, details of the work station bus interface
section 23 of the LAN interface module 16 are illus-
trated. The work station bus interface section 23 com-
prises four blocks of logic; viz, module initialization
logic 40, memory address mapping register logic 41,
multiprocessor synchronization logic 42, and various
buffers and transceivers for controlling the movement
of data between the LAN interface module 16 and the
work station system interconnection bus 27.

The initialization logic 40 communicates with the
processor section 22 and the RAM section 21 of the
LAN interface module 16 via a bus 43 and with the
work station bus 27 via a bus 44. The initialization
logic 40 contains conventional hardware that is
utilized during start up of the system to set various
components thereof into an initial state. The initiali-
zation logic 40 also contains standard hardware
required to support the soft address protocol of the
work station system. When power is applied to the
unit, the initialization logic 40 returns a device identi-
fication code to the main processor in the master work
station 14 via the work station bus 27 and, in response
thereto, the main processor defines the addresses to
which the LAN interface module 16 will respond. The
initialization logic 40 includes the logic required to rec-
ognize the soft device addresses sent down from the
main processor and to convey these addresses to the
module 16 via the bus 43.

Buffers and transceivers 45 are included for con-
trolling the movement of data to and from the pro-
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cessor section 22 and the RAM section 21 of the LAN
interface module 16 via a data bus 46. The buffers
and transceivers 45 communicate the data to and
from the work station bus 27 via a bus 47.

The memory address mapping register logic 41 is
a combination of an adder and latches utilized to map
local internal memory addresses of the module 16 to
the memory address space of the intermodule system
bus 27 for transmitting messages and data to other
modules located in the master work station 14.
Addresses eminating from the processor section 22
are applied to the mapping register logic 41 via an
address bus 48 for mapping onto the system address
bus. The data bus 46 provides an input to the mapping
register logic 41 for loading initial conditions for the
address mapping operation. Appropriate buffers and
transceivers 49 are included to control the transmis-
sion of the mapped addresses via buses 50 and 51 to
the work station bus 27.

The multiprocessor synchronization logic 42
communicates with the processor section 22 via a bus
52 and with the work station bus 27 via a bus 53. The
synchronization logic 42 is utilized in the synchroni-
zation of data transfers across the work station inter-
nal bus 27 and the synchronization of communica-
tions between the processor section 22 and the main
processor of the master work station 14. It is
appreciated that the address bus 48, data bus 46 and
buses 43 and 52 comprise the bus 26 of Fig. 2. Simi-
larly the bus 28 of Fig. 2 is comprised of the buses 44,
47, 51, and 53. Thus communications between the
processor 22 in the LAN module 16 and other proces-
sors connected to the work station bus 27, such as the
main processor in the master work station 14, are
controlled by the interprocessor synchronization logic
42. The logic 42 supports the generation of a
hardware reset of the LAN module 16, a nonmaskable
interrupt (NMI) at the LAN module 16 and several
interrupt requests, for message communication
synchronization, at both the LAN module 16 and the
main processor in the master work station 14, in a
manner to be explained. Details of the synchroni-
zation logic 42 will be described with respect to fig-
ures 4 and 5.

Referring to Figure 4, in which like reference
numerals indicate like components with respect to
Figure 3, a schematic block diagram of the synchroni-
zation logic 42 (Figure 3) is illustrated. The synchroni-
zation logic 42 has the capability of synchronizing and
controlling message communication among multiple
processors connected to the work station system bus
27. Access to the system bus 27 by the processor 22
in the LAN interface module 16 is controlled by a cir-
cuit 60 of the Intel 8288/8289 class. The circuit 60
comprises conventional logic to control data transfer
across multiple bus systems. The circuit halts instruc-
tions or requests that are mapped by the processor 22
to the interconnection bus 27 until the bus has been
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physically granted to the LAN interface module 16.
Specifically the circuit 60 receives a bus request from
the processor 22 on aline 61 and acknowledges to the
processor 22, by a signal on aline 62, that the bus has
been granted. In response to a request signal on the
line 61 the circuit 60 provides the request to the bus
on a line 63. The circuit 60 receives acknowledge-
ment that the bus has been granted on a line 64.

The LAN interface module 16 (Figure 2), via the
interprocessor communications logic 65, receives
three interrupts and transmits three interrupts over
the work station system bus 27. In a manner to be
described in further detail, interrupt requests to the
LAN module 16 are set by issuing an I/O write instruc-
tion over the system bus 27 to the base address of the
module 16. The same procedure is utilized by the
main processor in the master work station 14, or
another module connected to the bus 27, to clear the
request. Interrupt requests are transmitted over the
system bus 27 by locally executing 1/O write instruc-
tions. Theses instructions are decoded locally and
converted to actual bus requests. Interrupt requests
into the module 16 are cleared by local I/O writes. The
three interrupts that can be received by the LAN mod-
ule 16 are NMI, INT 1, and INT 3. INT 1 and INT 3 are
interrupt inputs to the processor 22 and are utilized
for synchronization of normal message traffic in a
manner to be described. The non-maskable interrupt
request is utilized for purposes such as bootstrapping
the module 16.

The LAN module 186, via the interprocessor com-
munications logic 65, generates an analogus set of
interrupt requests; viz, a pseudo NMI line and two
general purpose interrupt signals INT 1 and INT
2.The output NMI may be utilized, for example, to
inform the main processor in the master work station
14 of any operational problems in the LAN module 16
and INT 1 and INT 2 may be utilized in the synchroni-
zation of message transmissions in accordance with
the Invention.

The status of the interrupt request lines may be
monitored by issuing I/O read instructions either
locally by the processor 22 or over the system bus 27
from the main processor in the master work station
14,

The interprocessor communications logic 65 pro-
vides the interrupt requests to the main processor in
the master work station 14 on a bus 66 which con-
nects to the work station system bus 27. The logic 65
receives the input/output write and input/output read
signals as well as bus address signals and bus data
signals from the work station bus 27 via buses 67, 68,
and 69 respectively. The interrupt requests to the
local processor 22 from the logic 65 are provided on
a bus 70. The I/O write and read instructions as well
as data and address signals from the local processor
22 are provided to the logic 65 on buses 71 and 72 re-
spectively. The logic 65 provides an initialization reset
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command to the LAN interface section 20 and the pro-
cessor section 22 of the LAN module 16 via a reset
line 73. It is appreciated that the buses and lines 61,
62, and 70-73 comprise the bus 52 of Figure 3. It is
further appreciated that the buses and lines 63, 64,
and 66-69 comprise the bus 53 of Figure 3.

Referring to Figure 5, in which like reference
numerals indicate like components with respect to
Figure 4, details of the interprocessor communi-
cations logic 65 are illustrated. The logic 65 includes
an input register 80 comprising a plurality of stages for
storing the respective plurality of discrete control sig-
nals to be sent to the processor 22. As described
above, the control signals include the non-maskable
interrupt request on aline 81, the INT 1 request on a
line 82, the INT 3 request on a line 83 and the Reset
request on the line 73. It is appreciated that the lines
81-83 correspond to the bus 70 of Figure 4. The inter-
rupt requests and the reset request are set into the
register 80 by connections to the associated respec-
tive data lines on the work station bus 27 via the data
bus 69 through respective drivers 84-87. The discrete
data signals provided by the drivers 84-87 are set into
the register 80 in response to a register enabling sig-
nal on a line 88. An I/O write instruction broadcast by
the main processor in the master work station 14 on
the work station bus 27 is applied on the IOW line 67
to a device decoder 89 which responds thereto. When
an I/O write instruction is broadcast, the device
decoder 89 enables an address decoder 90. If the
address sent down the bus 27 and received at the
address bus 68 is the address assigned to the input
register 80, the address decoder 90 enables the input
register 80 via the line 88.

Thus when the main processor in the master work
station 14 desires to send a discrete control signal,
such as a message synchronizing interrupt or Reset,
to the processor 22, the main processor broadcasts
an I/O write instruction on the bus 27, the instruction
including the address to which the address decoder
90 is responsive as well as data set to the desired con-
trol signal. When the device decoder 89 detects the
broadcast 1/0O write instruction and the address
decoder 90 is enable by the appropriate bus address,
the input register 80 is enable to receive the data
which sets in the desired discrete control signal.

It is appreciated that the main processor may
broadcast the I/O write instruction by enabling a line
on the bus 27 dedicated to I/O write. Alternatively the
main processor may broadcast, on plural lines, the
operation code for the instruction. INT 1 and INT 3
may be utilized for the message synchronizing inter-
rupts required by the communications protocol. The
Reset control discrete is provided to the processor 22
on the line 73 in the same manner as the message
synchronizing interrupts. The message synchroniz-
ing interrupts may be of the type where the main pro-
cessor requests the attention of the auxiliary
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processor 22 to transmit a message thereto or ack-
nowledges to the auxiliary processor 22 that a mes-
sage has been received therefrom.

The interprocessor communications logic 65 also
includes an output register 91 utilized in sending con-
trol discretes, such as interrupts, from the auxiliary
processor 22 to the main processor in the master
work station 14 over the bus 27. The output register
91 provides discrete control signals NMI on a line 92,
INT 1 on aline 93 and INT 2 on line 94. As described
above the interrupt signals INT 1 and INT 2 are inter-
rupt inputs recognized by the main processor in the
master work station 14 as message synchronizing
interrupts. These interrupts are not necessarily the
same as the interrupt signals provided by the input
register 80 and hence are differently designated. The
interrupt signals on the lines 92, 93, and 94 are trans-
mitted to respective lines of the work station bus 27
dedicated to these interrupts and connected to the
associated interrupt inputs of the main processor.
The interrupt signals on the lines 92, 93, and 94 are
transmitted to the corresponding lines of the work sta-
tion bus 27 by respective drivers 95, 96, and 97 and
the interrupt request bus 66. The data for setting the
interrupts into the register 91 are provided as part of
an I/O write instruction from the processor 22 trans-
mitted over the local bus 72. The data from the bus 72
are inserted into the stages of the register 91 via res-
pective drivers 98,99 and 100. When the auxiliary pro-
cessor 22 desires to send NMI, INT 1 or INT 2 to the
main processor, the processor 22 issues an IOW com-
mand on the line 71 which enables a device decoder
101 responsive thereto. In response to the /O write
command the device decoder 101 enables an
address decoder 102 responsive to the address sig-
nal on the bus 72 from the auxiliary processor 22.
When the auxiliary processor 22 desires to communi-
cate with the output register 91, the 1/O write instruc-
tion transmitted on the bus 72 contains the address to
which the address decoder 102 responds. When the
address decoder 102 is energized,the output register
91 is enabled to receive the interrupt data sent with
the 1/O write instruction on the bus 72.

The interprocessor communications logic 65 is
resident in one of the LAN interface modules of the
system that includes the auxiliary processor 22.
Additional auxiliary processors in, for example other
LAN interface modules, may also be connected to the
work station bus 27. Since the interrupt lines on the
work station bus 27 connected to the main processor
in the master work station 14 are unique, any one of
the interprocessor communications logic blocks, such
as the one illustrated in Fig. 5, may provide the inter-
rupt NMI, INT 1 or INT 2 back to the main processor.
A device decoder 103 and an address decoder 104
are included in the logic 65 to permit the main pro-
cessor to determine from which auxiliary processor
the interrupt was transmitted. When the main pro-
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cessor receives an interrupt on the work station bus
27, the main processor polls the auxiliary processors
by broadcasting I/O read instructions containing the
addresses of the various output registers. When the
device decoder 103 receives the I/0 read instruction
via the line 67, the decoder 103 enables the address
decoder 104. When the address decoder 104
receives the address to which is it programmed to res-
ponse, transmitted from the main processor as port of
the 1/O read instructions on the address bus 68, the
address decoder 104 enables drivers 105, 106, and
107. When the drivers 105, 106, and 107 are enabled,
the data on the lines 92, 93, and 94 are transmitted to
the main processor on the data lines of the work sta-
tion bus 27 via the data bus 69. The main processor
can then examine the interrupt signals from the out-
put register 91 to determine if one of them has been
set. In this manner the main processor determines the
auxiliary processor 22 that originated the interrupt.

In operation when the auxiliary processor 22 des-
ires to send a message synchronizing interrupt to the
main processor, the auxiliary processor 22 generates
an /O write instruction containing the address to
which the address decoder 102 responds and the
interrupt data to be set into the output register 91. The
processor 22 places the 1/O instruction on the local
bus 26 (Fig. 2) which contains the data/address bus
72 and the 1/0O write instruction line 71. Inresponse to
the I/O write instruction generated by the processor
22, the interrupt to be transmitted to the main pro-
cessor is set into the output register 91. The interrupt
is received by the nain processor over the work sta-
tion bus 27 and the source of the interrupt is identified
by the main processor by polling the address decod-
ers 104 by an I/O read instruction. The non-maskable
interrupt on the line 92 is utilized primarily to notify the
main processor of a failure in the auxiliary processor.
The interrupt 1 and interrupt 2 signals on the lines 93
and 94 are utilized for normal messaging in the man-
ner described above with respect to the interrupt 1
and interrupt 3 signals on the lines 82 and 83 from the
input register 80. For example the auxiliary processor
may want to inform the main processor that it has
completed a task.

Although the invention has been described in
terms of an I/O instruction containing an address field
designating the target device and a data field desig-
nating the particular control discrete to be transmitted,
it is appreciated that the address together with the
data signal may be considered as an address desig-
nating the particular control input port to which the
communication is directed. For example if the main
processor desires to reset the auxiliary processor 22,
the main processor broadcasts an I/0O write instruc-
tion containing an address field that designates the
processor 22 as the target and a data field that desig-
nates the reset signal. The combination of the address
field and the data field may be considered as the
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address of the reset input to the processor 22.

The above described message synchronization
protocol may be utilized in higher level message com-
munication protocols. Data movement may be con-
trolled by providing the processor in control of the bus
with the ability to control the movement of data by
placing addresses and data on the bus and routing the
data to common memory accessible to all processors
connected to the bus. data flow synchronization may
be controlled at two levels. At the bus level, access to
the bus and the common memory is controlled by
higher level system bus arbitration logic and by a com-
mon memory controller. At a lower level-the move-
ment of messages by different processors is
synchronized by providing each processor with the
ability to receive and transmit synchronization inter-
rupts over the system bus in the manner described
above.

In a conventional manner each of the processors
is run by an operating system that controls the per-
formance of various processes. When a process
requires a function to be performed by the operating
system, it submits a request to the operating system
which in turn routes the request to the process cap-
able of serving it. Once the requested function has
been completed, the process that has performed the
function sends a response back to the originating pro-
cess to inform it that the operation has been com-
pleted. It is appreciated that with this mechanization,
the process capable of responding to the request
does not have to be resident on the processor that
issues the request as long as there is sufficient intel-
ligence within the operating system resident on the
processor to route the request.

In the case of multiple masters (a processor in
control of the bus) on the same system bus, each pro-
cessor has two processes (designated as agents) that
are responsible for routing messages between pro-
cessors, the interprocessor communication (IPC)
client and the IPC server. The function of the client
agent is to receive requests from processes running
on the same processor and to route them to the server
agent of the processor where the function is to be per-
formed. The client agent also has the reponsibility of
returning a response back to the requesting process
after the response has been received from the selec-
ted processor. The IPC server agent responds to
requests by other processors and routes them to the
correct processes of the local operating system, it
also receives the responses from the local operating
system and routes them back to the appropriate IPC
client. Thus the service agent receives requests from
a client agent on another processor and submits it to
the local operating system on behalf of the requestor.
It also receives the response from the local operating
stystem and routes it back to the client agent. A client
agent always communicates with a service agent and
a service agent always communicates with a client
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agent.

A mailbox mechanism is utilized for physically
transmitting messages. Each processor on the sys-
tem bus is assigned two mailboxes (one for the client
agent and one for the server agent) at a predefined
address in memory accessible to all of the proces-
sors. Thus each agent (client or service) has a mail-
box associated therwith which is utilized by the owner
agent as an outgoing mailbox into which the agent
deposits messages to be delivered to another pro-
cessor. Each agent (client or service) also has
associated therewith a wake-up interrupt accessible
over the work station bus 27 which permits other
agents to bring to its attention that it is the addressee
of a message to be found in the senders mallbox.
When a processor is ready to transmit a message, the
following operations occur.

1) The client agent wishing to transmit a request
to a different processor writes an abbreviated
form of the message into its mailbox, specifies
the desired processor in an addressee field of its
mailbox and then generates an interrupt request
to the appropriate server agent by issuing an I/O
write command to the address of the attention sig-
nal for the appropriate processor. In the case of
the LAN interface module 16, the interprocessor
communications logic 65 recognizes the approp-
riate 1/O instructions on the system bus for
requests coming in and generates the specific
interrupts going out for the main processor, as
described above.

2) The server agent at the receiver processor

determines that it has a request pending by ser-

vicing the interrupt request and then scanning all
of the mailboxes to determine the source of the
request.

3) If the memory of the requesting processor is

accessible to the system bus 27, the server will

copy the request into the memory space of its pro-
cessor and release the mailbox entry by clearing
the address field.

If the memory of the requesting processor is not

accessible to the system bus, the server agent

will allocate memory in the common memory
area and send a message to the client agent of
the requesting porcessor asking it to copy the
message to common memory before proceeding.

4) After the full request has been copied to local

(or common) memory, control is passed to the

appropriate local process for servicing the

request.

5) Once the local process has serviced the

request, control is returned to the server agent

and if necessary the results of the request are
copied to the memory of the requesting processor

(either directly if accessible to the sytem bus 27,

or indirectly via the client agent if memory is not

accessible to the system bus 27).
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6) The server agent then creates a response

message in its mailbox andsends an interrupt to

the requesting agent informing it that the reques-
ted operation has been completed.

For the above described communications pro-
tocol to operate correctly several rules should be fol-
lowed in implementing client and server agents as
follows.

1) Processors equiped with memories accessible

to the system bus 27 cannot write into memory

space when that space is open to access from
another processor. For example, once a pro-
cessor puts a message in a mailbox and assigns

a valid addressee code, it cannot modify the con-

tents of the mailbox until the addressee field has

been cleared.

2) Processors must copy and clear mailbox infor-

mation as quickly as possible to avoid tying up

communications paths.

Referring to Figure 6, further specific details of
the message communication protocol of the present
invention are illustrated. As previously described the
main processor 29 and the auxiliary processor 22 are
coupled to the work station bus 27 for two way com-
munication therebetween. The main processor 29
includes a main memory 110 that includes a common
memory portion 111. The common memory 111 is
accessible to the auxiliary processor 22 as well as to
any other processor on the work station bus 27.The
main memory 110 includes application software
denoted as client 112. The client 112 includes storage
113 for input data and storage 114 for output data. The
processor 29 includes a client agent 115 for communi-
cating requests for service on a remote processor
from any client resident on the processor 29. The
requested service may, for example, be available at
the auxiliary processor 22. When the client 112 sends
arequest for service to the client agent 115, the client
agent establishes a request block 116 utilized in ser-
vicing the request. The request block 116 will be exp-
lained in further detail hereafter.

The auxiliary processor 22 includes a memory
117 storing service (server) software 118. The server
118, for example, may provide the service required by
the client 112. The server 118 includes an input data
section 119 and an output data section 120. It is
appreciated that the processor 22 may include numer-
ous other services. It is further appreciated that both
processors 29 and 22 may include multiple client
applications and multiple services. The processor 22
includes a service agent 121 to service the server 118
as well as any other services of the processor 22. The
client agent 115 communicates with the service agent
121 pursuant to a request from a clientresident on the
processor 29. The service agent 121 may also com-
municate with the client agent 115 with respect to res-
ponses provided by the requested service resident on
the processor 22. |t is appreciated that generally each
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processor will include a client agent for handling the
resident clients and a service agent for receiving ser-
vice requests from remote processors. The client
agent 115 may communicate not only with the service
agent 121 but also with the service agent of any other
processor on the bus 27. In a similar manner the ser-
vice agent 121 may receive requests from the client
agent 115 as well as from the client agent of any other
processor on the bus 27. Itis appreciated that multiple
communications may be in progress simultaneously
involving the same agent. In a communication with a
client agent the service agent 121 may construct an
interprocessor request block (IPRB) 122 in a manner
to be explained. The IPRB 122 is similar to the request
block 116 of the processor 29.

In order to communicate, each agent of each pro-
cessor is assigned a mailbox location in the common
memory 111 for storing messages to be transmitted to
another processor. The mailboxes are organized in an
array of client mailboxes and an array of service mail-
boxes. The mailboxes are indexed by processor. The
client array of mailboxes includes mailboxes 123,
124, and 125. The service array of mailboxes
includes mailboxes 126, 127, and 128. The mailboxes
123 and 126 may, for example, be indexed to the main
processor 29 while the mailboxes 124 and 127 may
be indexed to the auxiliary processor 22. The mail-
boxes 125 and 128 may be associated with a third pro-
cessor (not shown) on the bus 27. The client mailbox
123 is associated with the client agent 115 and the
service mailbox 126 is associated with the service
agent (not shown) of the main processor 29. The ser-
vice mailbox 127 is associated with the service agent
121 and the mailbox 124 is associated with the client
agent (not shown) of the processor 22. Since all of the
mailboxes are located in common memory 111 they
are accessible to all of the agents in all of the proces-
sors on the bus 27.

In a manner to be described in further detail
hereafter each of the mailboxes 123-128 includes an
addressee field designating the recipient agent with
which an originator agent wishes to communicate. For
example if the client agent 115 desires to communi-
cate with the service agent 121 the client agent 115
will deposit in the addressee field of its mailbox 123
the identification of the processor 22. The client agent
115 then sends a wake-up interrupt to the processor
22 udtilizing, preferably, the interrupt mechanism
hereinabove described. The service agent 121 then
scans the client mailboxes 123-125 to located the
mailbox containing its address. The service agent 121
utilizes polling means 129 to effect this scanning pro-
cedure. The polling means 129 is also utilized by the
client agent (not shown) of the processor 22 to scan
the service mailboxes 126-128. In a similar manner
the processor 29 includes polling means 130 for scan-
ning the appropriate mailboxes in the common mem-
ory 111. It is appreciated that any processor on the
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work station bus 27 can access any of the mailboxes
in the common memory 111 for reading and writing.

Referring to Figure 7 the structure of each of the
mailboxes 123-128 is illustrated. The mailbox
includes an addressee field 140 utilized to store the
identification of a message recipient processor. A
value in field 140, such as zero, is utilized to indicate
that the mailbox is empty. The mailbox also includes
a pointer field 141 for storing the address of a request
block such as the request block 116 or the IPRB 122.
A data field 142 is included to provide the size of a
request block for the purpose of memory allocation.
The mailbox of Fig. 7 includes a function code field
143 for storing a Type Code indicating the type of
message stored in the mallbox and the function or
action to be taken by the message recipient.

Referrng to Figure 8, the structure of the request
block is illustrated. The request block is the structure
that carries requests and responses across the work
station bus 27 from process to process. The request
block includes a header that includes the size of the
other portions of the block, the identification of the
request originator and a function code to be perfor-
med by the service. The request block includes a sec-
tion 151 containing a pointer to the input data of the
client or the service and the memory size thereof as
well as a section 152 containing a pointer to the output
data and the memory size thereof. If, for example, the
request block is constructed by the client agent 115
pursuant to a request from the client 112, the section
151 will contain a pointer to the input data 113 and the
size thereof and the section 152 will contain a pointer
to the output data 114 and the size thereof. If, how-
ever, an IPRB is contructed by the service agent 121
pursuant to a communication regarding the server
118, the section 151 will contain a pointer to the input
data 119 and the size thereof and the section 152 will
contain a pointer to the output data 120 and the size
thereof.

When the client 112 desires service resident on
the processor 22 with respect to data in the output
data field 114, the client agent 115 prepares request
block 116 with the appropriate entries. The client
agent 115 then determines if its mailbox 123 contains
a cleared addressee field 140. If the addressee field
140 contains a valid address, the client agent 115
waits until it is cleared. When the addressee field is
cleared the client agent 115 deposits a message into
its mailbox 123 with the addressee field 140 identify-
ing the service agent 121, the field 141 containing a
pointer to the request block 116, the data field 142
containing the size of the request block and a function
code in the field 143, to be later described, that noti-
fies the service agent 121 that a new request is being
made. The client agent 115 then awakens the service
agent 121 utilizing the interrupt mechanism previ-
ously described. In response to the interrupt, the ser-
vice agent 121 scans the client mailboxes 123-125 to
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find the mailbox or mailboxes containing its address.
The service agent 121 then reads the contents of the
mailbox into its queue for processing and thereafter
erases the addressee field 140 of the mailbox that had
contained its message. The mailbox of the client
agent 115 is thereby released for other communi-
cations. By procedures to be described in greater
detail hereinafter, the service agent 121 submits the
request to the appropriate server resident on the pro-
cessor 22 and provides a response back to the client
agent by a mechanism similar to that described for the
client agent to service agent communication.

Specifically, the function of the client agent is to
submit requests from local processes to remote sys-
tem services. A client agent is activated by receiving
either a new request from a local process or by an
interrupt from a service agent that is handling a
request previously submitted. Aclientagent is respon-
sive to the following Type Code interrupts: QUERY
REQUEST BLOCK , QUERY REQUEST DATA, RES-
PONSE AVAILABLE, and SUBMIT RESPONSE.

The function of a service agent is to submit to the
local operating system, a request from a remote pro-
cess routed to the service agent by a client agent. The
service agent further routes the response back to the
client agent. A service agent is awakened by either an
interrupt originating from a remote client agent or by
alocal response to an earlier request. Aservice agent
is responsive to the following Type Code interrupts:
NEW REQUEST AVAILABLE, REQUEST BLOCK
COPIED, and SUBMIT REQUEST.

The following sets forth the actions performed by
the client agent upon the submission of a new request
and upon receiving the Type Code interrupts.

Upon receipt of a new request, a client agent
computes the size of the request block and stores a
pointer to the request block and the size thereof in its
mailbox. The client agent then interrupts the approp-
riate service agent with the Type Code NEW
REQUEST AVAILABLE.

When the client agent is interrupted by QUERY
REQUEST BLOCK, the mailbox with its identification
therein contains a remote pointer to an IPRB. The
client agent extracts from the IPRB the pointer to the
local request block and copies the entire request
block into the IPRB in the remote processor memory.
The client agent stores the pointer to the IPRB in its
mailbox and interrupts back to the service agent with
a Type Code REQUEST BLOCK COPIED.

When the client agent receives the QUERY
REQUEST DATA interrupt, the mailbox with its
address contains a remote pointer to an IPRB. The
associated service agent has allocated memory for
all of the input pointers of the request block and has
set the pointers to refer to local memory. The client
agent now receives a pointer to the local request block
and copies each of the data areas pointed to by the
request input pointers from the local memory to the
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areas allocated by the service agent. The client agent
then stores the pointer to the IPRB in its mailbox and
interrupts back to the service agent with a Type Code
SUBMIT RESPONSE.

When the client agent receives the interrupt
RESPONSE AVAILABLE, the mailbox with its
address contains a remote pointer to an IPRB. The
request has been processed and a response is avail-
able. The client agent extracts the local pointer to the
request block from the IPRB and copies all the data
pointed to by the output pointer of the IPRB into the
local areas pointed to by the corresonding input
pointer of the local request block. The client agent
issues the response to the requesting client and
stores the pointer to the IPRB in its mailbox and inter-
rupts back to the service agent with the Type Code
RESPONSE SUBMITTED.

When the client agent receives the interrupt
SUBMIT RESPONSE, the corresonding service
agent has performed all of the tasks persuant to the
communication. The mailbox with the address of the
client agent contains a pointer to the local request
block. The client agent issues a response to the
request to the client. Processing of the request is com-
pleted and there is no requirement, pursuant to the
request, to have further communication with the ser-
vice agent.

The functions performed by the service agent in
response to the interrupts are as follows.

When the service agent receives the interrupt
NEW REQUEST AVAILABLE, a new request has
been submitted by a client agent and the mailbox with
the address of the service agent contains a remote
pointer to a request block and the size of that block.
From the size data in the mallbox, the service agent
allocates sufficient memory to construct an IPRB and
stores the identification of the originating processor
and the pointer to the original request block. At this
point the details of the communication between the
service agent and the client agent depends upon the
accessiblilty of the memory of the client to the service
agent over the work station bus 27. When the memory
of the client is accessible over the bus, the service
agent copies the contents of the request block fram
the client processor into the IPRB at the service pro-
cessor. For each input pointer in the IPRB the service
agent allocates sufficient armory and copies the data
from the memory of the client changing the pointer to
point to the local copy. For each output pointer, the
service agent allocates sufficient memory and
changes the pointer to refer to the local location. The
request is then submitted to the local service. When
the memory of the client is not accessible to the ser-
vice agent over the bus but the local memory is
accessible, the service agent stores the pointer to the
IPRB into its mailbox and interrupts the client agent
with a Type Code QUERY REQUEST BLOCK.

When a service agent receives the interrupt
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REQUEST BLOCK COPIED, the client agent has
copied the request block to the local memory of the
service processor and the mailbox contains a pointer
to the local IPRB. The service process allocates
memory for each input and output pointer and sets the
pointers in the IPRB, if there are output pointers in the
request block, the service agent stores the pointer to
the IPRB in its mailbox and interrupts the client agent
with the Type Code QUERY REQUEST DATA. If there
are no output pointers in the request, the service
agent submits the request locally.

When the service agent receives the interrupt
SUBMIT REQUEST, the client agent has copied the
request data into the allocated memory areas and the
mailbox contains a pointer to the local IPRB. The ser-
vice agent then submits the request to the local ser-
vice process.

With respect to the response to the local service,
the service agent extracts the originating processor
identification from the IPRB that is being resonded to
and continues in one of three ways. When there are
no output pointers in the request block, the service
agent stores the pointer to the original request block
in the mailbox, de-allocates all of the areas pointed to
by the request block input pointers, de-allocates the
IPRB and interrupts the client agent with the Type
Code SUBMIT RESPONSE. When the IPRB includes
output pointers and the memory of the client is
accessible over the work station bus 27, the service
agent copies back the response data to the memory
of the client in the areas pointed to by the input poin-
ters in the original request block. The service agent
then stores the pointer to the original request block in
the mailbox, de-allocates all of the areas pointed to by
the request block input pointers, de-allocates the
IPRB and interrupts the client agent with the Type
Code SUBMIT RESPONSE. When the IPRB includes
output pointers and the memory of the client is not
accessible over the work station bus 27, the service
agent stores the pointer to the IPRB in the mailbox
and interrupts the client agent with the Type Code
RESPONSE AVAILABLE.

When the service agent receives the RES-
PONSE SUBMITTED interrupt, the client agent has
copied the response data and submitted the response
to the originator process. The mailbox contains a
pointer to an IPRB. The service agent de-allocates all
the memory pointed to by the IPRB pointers and de-
allocates the IPRB itself. No reply is necessary.

The following summarizes the sequence of
events in communication between agents. The com-
munication is first described where the service agent
has access to the client processor memory. The sec-
ond situation described is where the service agent
does not have access to the client agent processor.
Multiple events, such as those described are inter-
leaved in real time.

When the client agent receives a request from a
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client where the service agent has access to the client
processor memory, the client agent interrupts the
service agent with NEW REQUEST AVAILABLE. In
effecting this interrupt the client agent deposits into
its mailbox the address of the service agent,a pointer
to the request block, the size of the request block and
the Type Code NEW REQUEST AVAILABLE. The
service agent in response thereto copies the request
block, copies the request data, and submits the
request to the service. When the service has fulfilled
the request, it submits the response to the service
agent which copies back the response data into the
client memory pursuant to the IPRB pointers. The ser-
vice agent then interrupts the client agent with SUB-
MIT RESPONSE. This is effected by the service
agent storing in its mailbox the address of the client
agent, a pointer to the request block in the client mem-
ory and the Type Code SUBMIT RESPONSE. The
client agent then provides the response to the client.

When the client agent receives a request from the
client where the service agent does not have access
to the client processor memory, the client agent inter-
rupts the service agent with NEW REQUEST AVAIL-
ABLE by storing in its mailbox the address of the
service agent, a pointer to the request block in the
client processor memory, the size of the requst block,
and the Type Code NEW REQUEST AVAILABLE. In
response thereto the service agent allocates space in
the service memory for the IPRB and interrupts the
client agent with QUERY REQUEST BLOCK. This is
effected by the service agent storing in its mailbox the
address of the client agent a pointer to the allocated
IPRB memory space, the size of the space, and the
Type Code QUERY REQUEST BLOCK . Since the
client processor has access to the service processor
memory the client agent copies back the request
block into the IPRB allocated by the service processor
and interrupts the service agent with REQUEST
BLOCK COPIED. In response thereto the service
agent allocates memory for the input data and Inter-
rupts the client agent with QUERY REQUEST DATA.
The client agent copies back to the service processor
the requisite data and interrupts the service agent
with SUBMIT REQUEST. The service agent submits
the request to the service and receives the response
back therefrom. The service agent then interrupts the
client agent with RESPONSE DATA AVAILABLE. The
client agent copies the response data back from the
service processor and submits the response to the
client. The client agent then interrupts the service
agent with RESPONSE SUBMITTED. The service
agent de-allocates the data storage space and the
IPRB and the ommunication is completed.

In the present invention when an originating
agent desires to send a message to a recipient agent,
the originating agent places a message in its mailbox,
when the mailbox is empty, setting the address field
thereof to the addressee and issuing a wake-up inter-
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rupt to the agent to which the message is addressed.
If the mailbox is not empty within a predetermined
delay interval the addressee of the previous message
is declared nonresponsive and an error recovery pro-
cedure (not shown) is activated. The awakened agent
scans all of the mailboxes of the opposite type and,
from each mailbox containing its address, reads and
saves the message therein for further processing.
The recipient agent then empties the mailbox by
resetting the address field. If a processor does not
take a message addressed to it within the predefined
delay the processor is declared non-functional.

It is appreciated that an originating agent utilizes
its mailbox to communicate with plural recipient
agent. Therefore a recipient agent must empty a mail-
box containing its address as quickly as possible so
as to release the mailbox for further use by the origi-
nator. The recipient agents queue the messages for
subsequent processing. Thus it is appreciated that
when two originating agents endeavor to send mes-
sages to the same recipient agent, there will not be
any interference and no lock mechanism is required
since each of the originating agents utilize their own
mailboxes for the communication. Since many requ-
ests are processed at the same time, the request
block unique to each request is utilized so that proper
routing and processing is effected for each request.

The above described communications protocol is
relatively simple, compared to prior art communi-
cations protocols, which facilitates implementation
and testing. The communications protocol provides
the system with many of the advantages associated
with both loosely coupled and tightly coupled multip-
rocessor systems.

The system exhibits performance normally
associated with tightly coupled systems because the
time required to transmit messages is relatively short
since message are passed at memory speeds. The
processor independence, however, of a loosely coup-
led system is retained since each processor runs its
own operating system and must only communicate
with another processor to access resources not avail-
able locally. It is appreciated that the main processor
in the master work station 14 and the processor 22 in
the LAN interface module 16 run completely dif-
ferenct operating systems.

The protocol of the present invention has been
described in the implementation of an intelligent LAN
interface module. It is appreciated that the protocol
may also be utilized to readily implement other intel-
ligent modules, such as an intelligent data communi-
cations module. There is no logical limit to the number
of intelligent modules that can be connected to the
main processor in the master work station 14 via the
work station bus 27. The message synchronization
protocol of the present invention offers advantages
over the prior art in that it significantly reduces the
number of direct interrupt lines on the system bus that
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would otherwise be required. Generally it would be
impractical to provide direct interrupt communication
between all processors sharing a system bus in a mul-
tiprocessor system. It is appreciated that the architec-
ture described above is extensible so as to support
multiple processors interconnected by a system bus,

The present invention provides an efficient
mechanism for extending the capabilities of a pro-
cessor to permit it to reside on a local high speed bus
with other processors and for these processors to
communicate with one another in an efficient manner
by means of message communication and synchroni-
zation. The invention implements an efficient mes-
sage passing system in a multiprocessor environ-
ment. The present Invention may be utilized for com-
munication between a main processor and plural
auxiliary processors or between the auxiliary proces-
sors themselves.

Claims

1. Apparatus for effecting communication among
plural digital processors (22), one of said processors
acting as a transmitting processor having a message
to be transmitted to another of said processors acting
as areceiving processor, said apparatus having com-
mon memory (21) accessible to all said processors,
and a plurality of mailbox locations (123-125) corre-
sponding to said plurality of processors, respectively,
in said common memory, said mailbox locations cor-
responding to said transmitting processor being
utilized for transfer of messages from said transmit-
ting processor to receiving processors, means in said
transmitting processor for generating said message
to be transmitted to said receiving processor and for
writing said message into said mailbox location cor-
responding to said transmitting processor, said mes-
sage including an address signal representative of
said receiving processor, characterized in that said
transmitting processor includes awakening means for
sending an interrupt signal to said receiving pro-
cessor to interrupt said receiving processor to alert
said receiving processor that a message addressed
to said receiving processor is in one of said plurality
of mailbox locations, and in that said receiving pro-
cessor includes polling means for scanning said mail-
box locations, in response to said interrupt signal, to
find a mailbox location having an address signal the-
rein representative of said receiving processor,
whereby said receiving processor finds said message
in said mailbox location having its address signal the-
rein.

2. Apparatus according to claim 1, characterized
in that each said mailbox location includes an
adddressee field for storing said address signal, a
pointer field for storing a pointer to a block of data, a
data field for storing a size signal representative of the
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size of said block, and a function code field for storing
a function code signal representative of an operation
to be performed by said receiving processor with res-
pect to said communication.

3. Apparatus according to claim 2, characterized
in that said receiving processor has a message to be
transmitted to said transmitting processor, and in that
said receiving processor further includes means for
generating said message to be transmitted to said
transmitting processor and writing said message into
said mailbox location corresponding to said receiving
processor, said message including an address signal
representative of said transmitting processor, awa-
kening means in said receiving processor for sending
an interrupt signal to said transmitting processor to
alert said transmitting processor that a message
addressed to said transmitting processor is in one of
said plurality of mailbox locations, and polling means
in said transmitting processor for scanning said mail-
box locations, in response to said interrupt signal, to
find a mailbox location having an address signal the-
rein representative of said transmitting processor,
whereby said receiving processor finds said message
in said mailbox having its address signal therein.

4. Apparatus according to claim 3, characterized
in that each processor includes means for clearing
said associated mailbox location when said communi-
cation is completed.

5. Apparatus according to claim 3, characterized
in that each processor includes local memory and
said communication comprises a request by said
transmitting processor for service on a receiving pro-
cessor, a client process resident on said transmitting
processor for requesting said service, said client pro-
cess including a section for input and a section for out-
put data, a client agent resident on said transmitting
processor and responsive to said client process for
communicating said request to said receiving pro-
cessor via said mailbox corresponding to said one
processor, said client agent comprising said means
for generating and writing said message, said mes-
sage conveying said request, a service agent resident
on said receiving processor for receiving said request,
and a service process resident on said receiving pro-
cessor and responsive to said service agent for pro-
viding said service in response to said request, said
service process having a section for input data and a
section for output data.

6. Apparatus according to claim 5, characterized
in that said transmitting processor includes a request
block comprising at least one input pointer pointing to
said input data section of said client process, said
input pointer including a signal representative of the
size of said input data, and at least one output pointer
pointing to said output data section of said client pro-
cess, said output pointer including a signal represen-
tative of the size of said output data.

7. Apparatus according to claim 6, characterized
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in that said pointer field of said mailbox location
associated with said transmitting processor contains
a pointer to said request block, and said data field of
said mailbox location associated with said transmit-
ting processor includes a signal representative of the
size of said request block.

8. Apparatus according to claim 7, characterized
in that said receiving processor includes an inter-
processor request block in which to store said request
block from said transmitting processor, said pointer
field of said mailbox location associated with said
receiving processor includes a pointer to said inter-
processor request block, and said data field of said
mailbox location associated with said receiving pro-
cessor includes a signal representative of the size of
said interprocessor request block.

9. Apparatus according to claim 8, characterized
in that said receiving processor has access to said
local memory of said transmitting processor for read-
ing and writing.

10. Apparatus according to claim 9, characterized
in that said function code field of said mailbox location
associated with said transmitting processor contains
a function code commanding said service agent to
copy said request block from said transmitting pro-
cessor, copy said output data from said client process,
submit the request to said service process, receive
response from said service process and copy said
output data from said service process to said input
data section of said client.

11. Apparatus according to claim 10, charac-
terized in that said function code field of said mailbox
location associated with said receiving processor
contains a function code commanding said client
agent to submit the response from said service to said
client.

12. Apparatus according to claim 8, characterized
in that said receiving processor cannot access said
local memory of said transmitting processor.

13. Apparatus according to claim 12, charac-
terized in that said function code field of said mailbox
location associated with said transmitting processor
contains a function code commanding said service
agent to allocate memory in said receiving processor
for said interprocessor request block.

14. Apparatus according to claim 13, charac-
terized in that said function code field of said mailbox
location associated with said receiving processor
contains a function code commanding said client
agent to copy said request block into said allocated
interprocessor request block.

15. Apparatus according to claim 14, charac-
terized in that said function code field of said mailbox
location associated with said transmitting processor
contains a function code commanding said service
agent to allocate memory in said receiving processor
to receive said output data of said client process.

16. Apparatus according to claim 15, charac-
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terized in that said function code field of said mailbox
location associated with said receiving processor
contains a function code commanding said transmit-
ting processor to copy said output data from said
client process to said allocated memory therefor in
said receiving processor.

17. Apparatus according to claim 16, charac-
terized in that said function code field of said mailbox
location associated with said transmitting processor
contains a function code commanding said service
agent to submit the request to said service process
and to receive output data therefrom in accordance
therewith.

18. Apparatus according to claim 17, charac-
terized in that said function code field of said mailbox
location associated with said receiving processor
contains a function code commanding said client
agent to copy said output data from said service pro-
cess and submit said data to said client process.

19. Apparatus according to claim 18, charac-
terized in that said function code field of said mailbox
location associated with said transmitting processor
contains a function code commanding said service
agent to de-allocate said memory of said receiving
processor with respect to said interprocessor request
block and said data.

20. Apparatus according to claim 1, characterized
in that said one processor comprises a first processor,
said other processor comprises a second processor
and in which said awakening means comprises
means for transmitting said interrupt signal from said
first processor to said second processor, said second
processor having an interrupt signal input corre-
sponding thereto, said awakening means comprising
means in said first processor for generating and trans-
mitting a first type of instruction having an address
portion containing the address of said second pro-
cessor and a data portion containing a data signal
representative of said interrupt signal, and converting
means associated with said second processor and
responsive to detecting said first type of instruction
for generating said interrupt signal for transmission to
said interrupt signal input in response to said instruc-
tion, said address portion and said data signal.

21. Apparatus according to claim 20, charac-
terized in that said first and second processors are
coupled to a system bus for communication there be-
tween, said means in said first processor transmitting
said first type of instruction on said system bus.

22. Apparatus according to claim 21, charac-
terized in that said second processor is coupled to
said bus through said converting means.

23. Apparatus according to claim 22, charac-
terized in that said first type of instruction comprises
an input/ output write instruction.

24. Apparatus according to claim 23, charac-
terized in that the data portion of said input/output
write instruction comprises a plurality of bits for desig-
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nating a plurality of interrupt signals, respectively,
and said second processor includes a plurality of
interrupt signal inputs corresponding, respectively, to
said plurality of interrupt signals.

25. Apparatus according to claim 24, charac-
terized in that said converting means comprises afirst
register having a plurality of stages coupled to said
system bus for receiving said plurality of bits, respect-
ively, of said data portion, and first decoder means
coupled to said system bus and responsive to said
input/output write instruction for enabling said first
register to store said plurality of bits contained in said
data portion when said first processor is transmitting
said input/output write instruction having said
address portion containing said address of said sec-
ond processor, said stages of said first register provi-
ding inputs, respectively, to said plurality of interrupt
signal inputs of said second processor.

26. Apparatus according to claim 25, charac-
terized in that said converting means further com-
prises a second register having a plurality of stages.

27. Apparatus according to claim 26, charac-
terized in that said second processor includes means
for generating and transmitting an input/output write
instruction having an address portion containing the
address of said second register and a data portion
containing a data signal comprising a plurality of bits
designating a plurality of further interrupt signals, re-
spectively, said first processor having a plurality of
further interrupt signal inputs corresponding, re-
spectively, to said plurality of further interrupt signals.

28. Apparatus according to claim 27, charac-
terized in that said converting means includes a sec-
ond decoder means coupled to said second
processor and responsive to said input/output write
instruction transmitted by said second processor for
enabling said second register to store said data signal
contained in said data portion of said input/output
write instruction transmitted by said second pro-
cessor when said input/output write instruction is
transmitted by said second processor having said
address portion containing said address of said sec-
ond register, said stages of said second register pro-
viding said further interrupt signals to said system
bus for transmission to said further interrupt signal
inputs, respectively, of said first processor.

29. Apparatus according to claim 28, charac-
terized in that said first processor includes means for
generating and transmitting on said system bus a sec-
ond type of instruction having an address portion con-
taining an address representative of said second
processor.

30. Apparatus according to claim 29, charac-
terized in that said second type of instruction com-
prises an input/ output read instruction, and said
converting means includes third decoding means res-
ponsive to said input/output read instruction for con-
trolling the placing of said outputs of said stages of
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said second register on to said system bus for trans-
mission to said first processor when said means in
said first processor transmits, on said system bus,
said input/output read instruction having said address
portion which contains said address representative of
said second processor.

31. Amethod of effecting communication among
plural digital processors (22), one of said processors
acting as a transmitting processor having a message
to be transmitted to another of said processors acting
as a receiving processor, said method using a com-
mon memory (21) accessible to all said processors,
said common memory including a plurality of mailbox
locations (123-125) corresponding to said plurality of
processors, respectively, said mailbox locations cor-
responding to said transmitting processor being
utilized for transfer of messages from said transmit-
ting processor to receiving processors, said transmit-
ting processor generating and inserting said message
including an address signal representative of said
second processor into said mailbox location corre-
sponding to said transmitting processor, charac-
terized in that an interrupt signal is sent to said
receiving processor from said transmitting processor
to alert said receiving processor that a message
addressed to said receiving processor is in one of said
plurality of mailbox locations, and by polling, by said
receiving processor in response to said interrupt sig-
nal, said mailbox locations to find a mailbox location
having an address signal therein representative of
said receiving processor, said receiving processor
thereby finding said message in said mailbox location
having its address signal therein.

32. The method according to claim 31, charac-
terized in that said message to be transmitted to said
receiving processor is generated and inserted into
said mailbox location associated with said transmit-
ting processor with an address signal representative
of said receiving processor, an interrupt signal is sent
to said receiving processor to alert said receiving pro-
cessor that it has a pending message, and polling, by
said receiving processor, said mailbox locations to
find a mailbox location having an address signal the-
rein representative of said receiving processor and
thereby finding said message in said mailbox having
its address signal therein.

33. The method according to claim 32, charac-
terized in that said mailbox locations associated with
said receiving processor and said transmitting pro-
cessor are, respectively, cleared when said communi-
cation is completed.

Patentanspriiche
1. Vorrichtung zur Durchfiihrung einer Kommuni-

kation zwischen mehreren Digitalprozessoren (22),
von denen ein Prozessor als Sendeprozessor arbei-
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tet, der eine Botschaft an einen anderen der Prozes-
soren libermittelt, welcher als Empfangsprozessor ar-
beitet, wobei die Vorrichtung einen gemeinsamen
Speicher (21), auf den von samtlichen Prozessoren
zugegriffen werden kann, und mehrere den Prozes-
soren zugeordnete Mailbox-Stationen (123 bis 125)
im gemeinsamen Speicher besitzt, wobei die dem
Sendeprozessor zugeordneten Mailbox-Stationen fir
eine Ubermittlung von Botschaften vom Sendepro-
zessor zu Empfangsprozessoren verwendet werden,
eine Einrichtung im Sendeprozessor zur Erzeugung
der zum Empfangsprozessor zu iibermittelnden Bot-
schaft und zum Schreiben der Botschaft in die dem
Sendeprozessor zugeordnete Mailbox-Station, wobei
die Botschaft ein fir den Empfangsprozessor repra-
sentatives AdrefRsignal enthalt, dadurch gekenn-
zeichnet, dal der Sendeprozessor eine Weckein-
richtung zum Senden eines Unterbrechungssignals
an den Empfangsprozessor aufweist, um den Emp-
fangsprozessor zu unterbrechen, um den Empfangs-
prozessor zu warnen, dal eine an den Empfangs-
prozessor adressierte Botschaft sich in einem der
mehreren Mailbox-Stationen befindet, und dal® der
Empfangsprozessor eine Abrufeinrichtung zum Ab-
fragen der Mailbox-Stationen als Antwort auf das Un-
terbrechungssignal aufweist, um eine Mailbox-Sta-
tion mit einem fir den Empfangsprozessor représen-
tativen AdreBRsignal darin zu finden, wodurch der
Empfangsprozessor seine Botschaft in der Mailbox-
Station mit dessen Adref3signal darin findet.

2. Vorrichtung nach Anspruch 1, dadurch ge-
kennzeichnet, daB jede Mailbox-Station ein Adressat-
feld zum Speichern des Adref3signals, ein Zeigerfeld
zum Abspeichern eines Zeigers auf einem Daten-
block, ein Datenfeld zum Abspeichern eines die
Gréle des Blockes reprasentierenden Gréfensi-
gnals und ein Funktionscodefeld zum Abspeichern ei-
nes Funktionscodesignals aufweist, welches eine
vom Empfangsprozessor in bezug auf die Kommuni-
kation durchzufiihrende Operation reprasentiert.

3. Vorrichtung nach Anspruch 2, dadurch ge-
kennzeichnet, dal® der Empfangsprozessor eine an
den Sendeprozessor zu iibermittelnde Botschaft hat
und da® der Empfangsprozessor auRerdem eine Ein-
richtung zur Erzeugung dieser an den Sendeprozes-
sor zu iibermittelnden Botschaft und zum Schreiben
dieser Botschaft in die dem Empfangsprozessor zu-
geordnete Mailbox-Station aufweist, wobei die Bot-
schaft ein den Sendeprozessor reprasentierendes
Adrefsignal enthalt, eine Weckeinrichtung im Emp-
fangsprozessor zum Senden eines Unterbrechungs-
signals an den Sendeprozessor, um den Sendepro-
zessor zu warnen, daf eine an den Sendeprozessor
adressierte Botschaft sich in einer der mehreren Mail-
box-Stationen befindet, und eine Abrufeinrichtung im
Sendeprozessor zum Abfragen der Mailbox-Statio-
nen als Antwort auf das Unterbrechungssignal, um ei-
ne Mailbox-Station mit einem den Sendeprozessor
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reprasentierenden Signal darin zu finden, wodurch
der Empfangsprozessor die Botschaft in der Mailbox
mit seinem AdreRsignal darin findet.

4. Vorrichtung nach Anspruch 3, dadurch ge-
kennzeichnet, dal jeder Prozessor eine Einrichtung
zum Ld&schen der zugehdrigen Mailbox-Station auf-
weist, wenn die Kommunikation beendet ist.

5. Vorrichtung nach Anspruch 3, dadurch ge-
kennzeichnet, dal® jeder Prozessor einen lokalen
Speicher enthélt und die Kommunikation eine Anfor-
derung eines Dienstes an einem Empfangsprozessor
durch den Sendeprozessor, einen am Sendeprozes-
sor residenten KlientenprozeR zur Anforderung des
Dienstes, wobei der KlientenprozeR einen Abschnitt
fiir die Eingabe und einen Abschnitt fiir die ausgege-
benen Daten umfaldt, ein Klientenmittel, das am Sen-
deprozessor residient ist und auf den Klientenprozef®
zur Ubermittlung der Anforderung an den Empfangs-
prozessor Uber die diesem einen Prozessor zugeord-
nete Mailbox anspricht, wobei das Klientenmittel die
Einrichtung zum Erzeugen und Schreiben der Bot-
schaft aufweist, wobei die Botschaft die Anforderung
tbertrdgt, ein am Empfangsprozessor residentes
Dienstmittel zum Empfang der Anforderung und ein
Dienstprozel® umfaft, das am Empfangsprozessor
resident ist und auf das Dienstmittel zur Durchfiihrung
des Dienstes als Antwort auf die Anforderung an-
spricht, wobei der Dienstprozell einen Abschnitt der
eingegebenen Daten und einen Abschnitt der ausge-
gebenen Daten besitzt.

6. Verfahren nach Anspruch 5, dadurch gekenn-
zeichnet, dal® der Sendeprozessor einen Anforde-
rungsblock enthalt, der mindestens einen Eingabe-
zeiger, der auf den Eingabedatenabschnitt des Klien-
tenprozesses zeigt, wobei der Eingabezeiger ein die
GroRe der eingegebenen Daten reprasentierendes
Signal enthélt, und mindestens einen Ausgabezeiger
aufweist, der auf den Ausgabedatenabschnitt des
Klientenprozesses zeigt, wobei der Ausgabezeiger
ein die GroRe der ausgegebenen Daten reprasentie-
rendes Signal enthalt.

7. Vorrichtung nach Anspruch 6, dadurch ge-
kennzeichnet, daR das Zeigerfeld der dem Sendepro-
zessor zugeordneten Mailbox-Station einen Zeiger
auf den Anforderungsblock enthalt und das Datenfeld
der dem Sendeprozessor zugeordneten Mailbox-Sta-
tion ein die Gr6Re des Anforderungsblockes repra-
sentierendes Signal enthalt.

8. Vorrichtung nach Anspruch 7, dadurch ge-
kennzeichnet, dal® der Empfangsprozessor einen In-
terprozessoranforderungsblock enthélt, in dem der
Anforderungsblock vom Sendeprozessor abzuspei-
chern ist, das Zeigerfeld der dem Empfangsprozes-
sor zugeordneten Mailbox-Station einen Zeiger auf
den Interprozessoranforderungsblock enthalt und
das Datenfeld der in dem Empfangsprozessor zuge-
ordneten Mailbox-Station ein die GrofRe des Interpro-
zessoranforderungsblockes reprasentierendes Signal
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enthalt.

9. Vorrichtung nach Anspruch 8, dadurch ge-
kennzeichnet, dall der Empfangsprozessor Zugriff
auf den lokalen Speicher des Sendeprozessors zum
Lesen und Schreiben besitzt.

10. Vorrichtung nach Anspruch 9, dadurch ge-
kennzeichnet, dal das Funktionscodefeld der dem
Sendeprozessor zugeordneten Mailbox-Station ei-
nen Funktionscode enthélt, der das Dienstmittel an-
weist, den Anforderungsblock vom Sendeprozessor
zu kopieren, die ausgegebenen Daten vom Klienten-
prozeld zu kopieren, die Anforderung an den Dienst-
prozef zu Gbermitteln, die Antwort vom Dienstprozel®
zu empfangen und die ausgegebenen Daten vom
Dienstproze® an den Eingabedatenabschnitt des
Klienten zu kopieren.

11. Vorrichtung nach Anspruch 10, dadurch ge-
kennzeichnet, dal das Funktionscodefeld der dem
Empfangsprozessor zugeordneten Mailbox-Station
einen Funktionscode enthélt, der das Klientenmittel
anweist, die Antwort vom Dienst an den Klienten zu
tibermitteln.

12. Vorrichtung nach Anspruch 8, dadurch ge-
kennzeichnet, dal der Empfangsprozessor keinen
Zugriff auf den lokalen Speicher des Sendeprozes-
sors besitzt.

13. Vorrichtung nach Anspruch 12, dadurch ge-
kennzeichnet, dal das Funktionscodefeld der dem
Sendeprozessor zugeordneten Mailbox-Station ei-
nen Funktionscode enthélt, der das Dienstmittel an-
weist; einen Speicher im Empfangsprozessor fiir den
Interprozessoranforderungsblock zuzuweisen.

14. Vorrichtung nach Anspruch 13, dadurch ge-
kennzeichnet, dal das Funktionscodefeld der dem
Empfangsprozessor zugeordneten Mailbox-Station
einen Funktionscode enthélt, der das Klientenmittel
anweist, den Anforderungsblock in den zugewiese-
nen Interprozessoranforderungsblock zu kopieren.

15. Vorrichtung nach Anspruch 14, dadurch ge-
kennzeichnet, dal das Funktionscodefeld der dem
Sendeprozessor zugeordneten Mailbox-Station ei-
nen Funktionscode enthélt, der das Dienstmittel an-
weist, einen Speicher im Empfangsprozessor zuzu-
weisen, um die ausgegebenen Daten des Klienten-
prozesses zu empfangen.

16. Vorrichtung nach Anspruch 15, dadurch ge-
kennzeichnet, dal das Funktionscodefeld der dem
Empfangsprozessor zugeordneten Mailbox-Station
einen Funktionscode enthélt, der den Sendeprozes-
sor anweist, die ausgegebenen Daten vom Klienten-
prozel zum hierfir zugewiesenen Speicher im
Empfangsprozessor zu kopieren.

17. Vorrichtung nach Anspruch 16, dadurch ge-
kennzeichnet, dal das Funktionscodefeld der dem
Sendeprozessor zugeordneten Mailbox-Station ei-
nen Funktionscode enthélt, der das Dienstmittel an-
weist, die Anforderung an den Dienstprozel} zu iiber-
mitteln und die ausgegebenen Daten von diesem in
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Ubereinstimmung damit zu empfangen.

18. Vorrichtung nach Anspruch 17, dadurch ge-
kennzeichnet, dal das Funktionscodefeld der dem
Empfangsprozessor zugeordneten Mailbox-Station
einen Funktionscode enthalt, der das Klientenmittel
anweist, die ausgegebenen Daten vom Dienstprozefl
zu kopieren und diese Daten an den Klientenprozef®
zu lbermitteln.

19. Vorrichtung nach Anspruch 18, dadurch ge-
kennzeichnet, dal das Funktionscodefeld der dem
Sendeprozessor zugeordneten Mailbox-Station ei-
nen Funktionscode enthélt, der das Dienstmittel an-
weist, den Speicher des Empfangsprozessors in
bezug auf den Interprozessoranforderungsblock und
den Daten zu entziehen.

20. Vorrichtung nach Anspruch 1, dadurch ge-
kennzeichnet, dal} der eine Prozessor einen ersten
Prozessor aufweist, der andere Prozessor einen
zweiten Prozessor aufweist, und in welchem die
Weckeinrichtung eine Einrichtung zur Ubermittiung
des Unterbrechungssignals vom ersten Prozessor
zum zweiten Prozessor aufweist, wobei der zweite
Prozessor einen entsprechenden Unterbrechungssi-
gnaleingang besitzt, wobei die Weckeinrichtung eine
Einrichtung im ersten Prozessor zur Erzeugung und
Ubermittlung einer ersten Instruktionsart mit einem
AdreRabschnitt, der die Adresse des zweiten Prozes-
sors enthalt, und einem Datenabschnitt, der ein das
Unterbrechungssignal représentierendes Datensi-
gnal enthélt, und eine Wandlereinrichtung aufweist,
die dem zweiten Prozessor zugeordnet ist und auf die
Erfassung der ersten Instruktionsart zur Erzeugung
des Unterbrechungssignals fiir eine Ubermittlung an
den Unterbrechungssignaleingang als Antwort auf
diese Instruktion, diesen AdreRabschnitt und dieses
Datensignal anspricht.

21. Vorrichtung nach Anspruch 20, dadurch ge-
kennzeichnet, daf® die ersten und zweiten Prozesso-
ren an einen Systembus fiir eine Kommunikation
miteinander angeschlossen sind, wobei die Einrich-
tung im ersten Prozessor die erste Instruktionsart an
den Systembus tibermittelt.

22. Vorrichtung nach Anspruch 21, dadurch ge-
kennzeichnet, dal der zweite Prozessor tUber die
Wandlereinrichtung an den Bus angeschlossen ist.

23. Vorrichtung nach Anspruch 22, dadurch ge-
kennzeichnet, da die erste Instruktionsart eine Ein-
gabe/Ausgabe-Schreibinstruktion enthalt.

24. Vorrichtung nach Anspruch 23, dadurch ge-
kennzeichnet, dal der Datenabschnitt der Einga-
be/Ausgabe-Schreibinstruktion mehrere Bits zur
Bezeichnung von mehreren Unterbrechungssignalen
enthalt und der zweite Prozessor mehrere Unterbre-
chungssignaleingénge entsprechend der Vielzahl der
Unterbrechungssignale aufweist.

25. Vorrichtung nach Anspruch 24, dadurch ge-
kennzeichnet, dal die Wandlereinrichtung ein erstes
Register mit mehreren an den Systembus ange-
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schlossenen Stufen zum Empfang von den mehreren
Bits des Datenabschnittes und eine erste Decoder-
einrichtung aufweist, die an den Systembus ange-
schlossen ist und auf die Eingabe/Ausgabe-Schrei-
binstruktion anspricht, um das erste Register zu ver-
anlassen, die mehreren im Datenabschnitt enthalte-
nen Bits abzuspeichern, wenn der erste Prozessor
die Eingabe/Ausgabe-Schreibinstruktion mit dem die
Adresse des zweiten Prozessors enthaltenden
AdrefRabschnitt Gbermittelt, wobei die Stufen des er-
sten Registers Eingangssignale an die mehreren Un-
terbrechungssignaleingénge des zweiten Prozessors
tibermitteln.

26. Vorrichtung nach Anspruch 25, dadurch ge-
kennzeichnet, daR die Wandlereinrichtung auflerdem
ein zweites Register mit mehreren Stufen enthalt.

27. Vorrichtung nach Anspruch 26, dadurch ge-
kennzeichnet, daf® der zweite Prozessor eine Einrich-
tung zur Erzeugung und Ubermittlung einer Eingabe/
Ausgabe-Schreibinstruktion mit einem die Adresse
des zweiten Registers enthaltenden AdreRabschnitt
und einem Datenabschnitt aufweist, der ein Datensi-
gnal mit mehreren Bits enthélt, die eine Vielzahl von
weiteren Unterbrechungssignalen bezeichnen, wobei
der erste Prozessor mehrere weitere Unterbre-
chungssignaleingénge entsprechend der Anzahl der
weiteren Unterbrechungssignale besitzt.

28. Vorrichtung nach Anspruch 27, dadurch ge-
kennzeichnet, dal die Wandlereinrichtung eine zwei-
te Decodereinrichtung aufweist, die am zweiten
Prozessor angeschlossen ist und auf die Einga-
be/Ausgabe-Schreibinstruktion anspricht, die vom
zweiten Prozessor iibermittelt wird, um das zweite
Register zu veranlassen, das Datensignal abzuspei-
chern, welches im Datenabschnitt der Eingabe/Aus-
gabe-Schreibinstruktion enthalten ist, die vom zwei-
ten Prozessor Ubermittelt wurde, wenn die Einga-
be/Ausgabe-Schreibinstruktion vom zweiten Prozes-
sor mit dem die Adresse des zweiten Registers
enthaltenden AdrefRabschnitt Gibermittelt wird, wobei
die Stufen des zweiten Registers die weiteren Unter-
brechungssignale an den Systembus zur Ubermitt-
lung an die weiteren Unterbrechungssignaleingange
des ersten Prozessors libermittelt.

29. Vorrichtung nach Anspruch 28, dadurch ge-
kennzeichnet, dal® der erste Prozessor eine Einrich-
tung zur Erzeugung und Ubermittlung einer zweiten
Instruktionsart mit einem AdrefRabschnitt, der eine
den zweiten Prozessor reprasentierende Adresse
enthalt, aufweist.

30. Vorrichtung nach Anspruch 29, dadurch ge-
kennzeichnet, da® die zweite Instruktionsart eine
Eingabe/Ausgabe-Leseinstruktion umfalt und die
Wandlereinrichtung eine dritte Decodereinrichtung
enthalt, die auf die Eingabe/Ausgabe-Leseinstruktion
anspricht, um das Anlegen der Ausgange der Stufen
des zweiten Registers an dem Systembus zur Uber-
mittlung an den ersten Prozessor zu steuern, wenn
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die Einrichtung im ersten Prozessor auf dem System-
bus die Eingabe/Ausgabe-Leseinstruktion mit dem
Adressbereich iibermittelt, welcher die den zweiten
Prozessor reprasentierende Adresse enthélt.

31. Verfahren zur Durchfiihrung einer Kommuni-
kation zwischen mehreren Digitalprozessoren (22)
von denen der eine Prozessor als Sendeprozessor
mit einer Botschaft wirkt, die an den anderen der Pro-
zessoren zu Ubermitteln ist, welcher als Empfangs-
prozessor wirkt, wobei das Verfahren einen gemein-
samen Speicher (21) benutzt, auf den sédmtliche Pro-
zessoren zugreifen kdnnen, wobei der gemeinsame
Speicher mehrere den mehreren Prozes- soren zuge-
ordnete Mailbox-Stationen (123 bis 125) enthalt, wo-
bei die dem Sendeprozessor zugeordneten Mailbox-
Stationen fiir die Ubermittiung von Botschaften vom
Sendeprozessor zu den Empfangsprozessoren ver-
wendet werden, wobei der Sendeprozessor die Bot-
schaft, die ein den zweiten Prozessor reprisentie-
rendes Adrefsignal enthalt, erzeugt und sie in die
dem Sendeprozessor zugeordnete Mailbox-Station
ablegt, dadurch gekennzeichnet, daR ein Unterbre-
chungssignal an den Empfangsprozessor vom Sen-
deprozessor gesendet wird, um den Empfangs-
prozessor zu warnen, daB eine an den Empfangspro-
zessor adressierte Botschaft sich in einer der Mail-
box-Stationen befindet, und daR vom Empfangs-
prozessor als Antwort auf das Unterbrechungssignal
die Mailbox-Stationen abgefragt werden, um eine
Mailbox-Station mit einem darin abgelegten, den
Empfangsprozessor reprasentierenden Adrefsignal
zu finden, wodurch der Empfangsprozessor die Bot-
schaft in der Mailbox-Station mit seinem darin abge-
legten AdreRsignal findet.

32. Verfahren nach Anspruch 31, dadurch ge-
kennzeichnet, daR die an den Empfangsprozessor zu
tibermittelnde Botschaft erzeugt und in die dem Sen-
deprozessor zugeordnete Mailbox-Station mit einem
den Empfangsprozessor reprasentierenden Signal
abgelegt wird, ein Unterbrechungssignal an den Emp-
fangsprozessor gesendet wird, um den Empfangspro-
zessor zu warnen, dall eine anhdngige Botschaft
vorliegt, und vom Empfangsprozessor die Mailbox-
Stationen abgefragt werden, um eine Mailbox-Station
mit einem darin abgelegten, den Empfangsprozessor
reprasentierenden AdreRsignal zu finden, und da-
durch die Botschaft in der Mailbox mit seinem darin
abgelegten Adrel3signal gefunden wird.

33. Verfahren nach Anspruch 32, dadurch ge-
kennzeichnet, dal® die dem Empfangsprozessor und
dem Sendeprozessor zugeordneten Mailbox-Statio-
nen jeweils geldscht werden, wenn die Kommunika-
tion beendet worden ist.

Revendications

1. Dispositif pour effectuer une communication

10

15

20

25

30

35

40

45

50

55

18

parmi plusieurs processeurs numériques (22), un
desdits processeur servant de processeur de trans-
mission possédant un message a transmettre a un
autre desdits processeurs servant de processeur de
réception, ledit dispositif possédant une mémoire
commune (21) accessible a tous lesdits processeurs
et plusieurs zones de boite aux lettres (123 a 125)
correspondant auxdits processeurs respectifs dans
ladite mémoire commune, lesdites zones de boite aux
lettres correspondant audit processeur de transmis-
sion utilisé pour le transfert des messages dudit pro-
cesseur de transmission vers les processeurs de
réception, un moyen dudit processeur de transmis-
sion pour générer ledit message a transmettre vers
ledit processeur de réception et pour écrire ledit mes-
sage dans ladite zone de boite aux lettres correspon-
dant audit processeur de transmission, ledit message
comprenant un signal d’adressage représentant ledit
processeur de réception, dispositif caractérisé en ce
que ledit processeur de transmission comprend un
moyen de veille envoyant un signal d’interruption
audit processeur de réception pour interrompre ledit
processeur de réception et pour 'alerter qu'un mes-
sage adressé audit processeur de réception est dans
une desdites zones de boite aux lettres et en ce que
ledit processeur de réception comprend un moyen
d’interrogation balayant’lesdites zones de boite aux
lettres en réponse audit signal d’interruption pour
trouver une zone de boite aux lettres possédant un
signal d’adressage représentatif dudit processeur de
réception, ledit processeur de réception trouvant ainsi
ledit message dans ladite zone de boite aux lettres
possédant son signal d’adressage.

2. Dispositif selon la revendication 1, caractérisé
en ce que chaque zone de boite aux lettres comprend
un champs d’adressage pour le stockage dudit signal
d’adressage, un champs de pointeur pour le stockage
d’un pointeur d’un bloc de données, un champs de
données pour le stockage d’un signal de taille repré-
sentant la taille dudit bloc et un champs de code de
fonction pour le stockage d’un signal de code de fonc-
tion représentant une opération devant étre réalisée
par ledit processeur de réception par rapport a ladite
communication.

3. Dispositif selon la revendication 2, caractérisé
en ce que ledit processeur de réception posséde un
message a transmettre audit processeur de transmis-
sion et en ce que ledit processeur de réception
comprend, de plus, un moyen de génération dudit
message a transmettre audit processeur de transmis-
sion et d’écriture dudit message dans ladite zone de
boite aux lettres correspondant audit processeur de
réception, ledit message comprenant un signal
d’adressage représentant ledit processeur de trans-
mission, un moyen de veille dans ledit processeur de
réception pour envoyer un signal d’interruption audit
processeur de transmission pour alerter ledit proces-
seur de transmission qu'un message adressé audit
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processeur de transmission est dans une desdites
zones de boite aux lettres et un moyen d’interrogation
dans ledit processeur de transmission pour balayer
lesdites zones de boite aux lettres en réponse audit
signal d’interruption pour trouver une zone de boite
aux lettres possédant un signal d’adressage repré-
sentant ledit processeur de transmission, ledit pro-
cesseur de réception trouvant ainsi ledit message
dans ladite boite aux lettres possédant son signal
d’adressage.

4. Dispositif selon la revendication 3, caractérisé
en ce que chaque processeur comprend un moyen
d’effacement de ladite zone associée de boite auxlet-
tres lorsque ladite communication est terminée.

5. Dispositif selon la revendication 3, caractérisé
en ce que chaque processeur posséde une mémoire
locale et ladite communication comprend une
demande dudit processeur de transmission pour la
mise en oeuvre sur un processeur de réception, un
processus client résidant sur ledit processeur de
transmission pour demander ledit service, ledit pro-
cessus client comprenant une section pour I'entrée et
une section pour la sortie des données, un agent
client résidant sur ledit processeur de transmission et
sensible audit processus client pour communiquer
ladite demande audit processeur de réception via
ladite boite aux lettres correspondant audit proces-
seur, ledit agent client comprenant ledit moyen de
génération et d’écriture dudit message transportant
ladite demande, un agent serveur résidant sur ledit
processeur de réception pour la réception de ladite
demande et un processus serveur résidant sur ledit
processeur de réception et sensible audit agent ser-
veur pour assurer ledit service en réponse a ladite
demande, ledit processus serveur possédant une
section d’enfrée etune section de sortie des données.

6. Dispositif selon la revendication 5, caractérisé
en ce que ledit processeur de transmission comprend
un bloc de demande comprenant au moins un poin-
teur d’entrée pointant ladite section de données
d’entrée dudit processus client, ledit pointeur d’entrée
comprenant un signal représentant la taille desdites
données d’entrée et au moins un pointeur de sortie
pointant ladite section de données de sortie dudit pro-
cessus client, ledit pointeur de sortie comprenant un
signal représentant la taille desdites données de sor-
tie.

7. Dispositif selon la revendication 6, caractérisé
en ce que ledit champs de pointeur de ladite zone de
boite aux lettres associée audit processeur de trans-
mission contient un pointeur dudit bloc de demande
et en ce que ledit champs de données de ladite zone
de boite aux lettres associée audit processeur de
transmission comprend un signal représentant la
taille dudit bloc de demande.

8. Dispositif selon la revendication 7, caractérisé
en ce que ledit processeur de réception comprend un
bloc de demande interprocesseur dans lequel on
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stocke ledit bloc de demande a partir dudit proces-
seur de transmission, en ce que ledit champs de poin-
teur de ladite zone de boite aux lettres associée audit
processeur de réception comprend un pointeur dudit
bloc de demande interprocesseur et en ce que ledit
champs de données de ladite zone de boite aux let-
tres associée audit processeur de réception
comprend un signal représentant la taille dudit bloc de
demande interprocesseur.

9. Dispositif selon la revendication 8, caractérisé
en ce que ledit processeur de réception accéde a
ladite mémoire locale dudit processeur de transmis-
sion pour la lecture et I'écriture.

10. Dispositif selon la revendication 9, caracté-
risé en ce que ledit champs de code de ladite zone de
boite aux lettres associée audit processeur de trans-
mission contient un code de fonction commandant
audit agent serveur de copier ledit bloc de demande
dudit processeur de transmission, de copier lesdites
données de sortie dudit processus client, de soumet-
tre la demande audit processeur serveur, de recevoir
la réponse dudit processus serveur et de copier les-
dites données de sortie dudit processus serveur dans
ladite section de données d’entrée dudit client.

11. Dispositif selon la revendication 10, caracté-
risé en ce que ledit champs de code de fonction de
ladite zone de boite aux lettres associée audit proces-
seur de réception contient un code de fonction
commandant audit agent client de soumettre la
réponse dudit serveur audit client.

12. Dispositif selon la revendication 8, caracté-
risé en ce que ledit processeur de réception ne peut
accéder a ladite mémoire locale dudit processeur de
transmission.

13. Dispositif selon la revendication 12, caracté-
risé en ce que ledit champs de code de fonction de
ladite zone de boite aux lettres associée audit proces-
seur de transmission contient un code de fonction
commandant audit agent serveur d’allouer de la
mémoire dans ledit processeur de réception pour ledit
bloc de demande interprocesseur.

14. Dispositif selon la revendication 13, caracté-
risé en ce que ledit champs de code de fonction de
ladite zone de boite aux lettres associée audit proces-
seur de réception contient un code de fonction
commandant audit agent client de copier ledit bloc de
demande dans ledit bloc de demande alloué interpro-
cesseur.

15. Dispositif selon la revendication 14, caracté-
risé en ce que ledit champs de code de fonction de
ladite zone de boite aux lettres associée audit proces-
seur de transmission contient un code de fonction
commandant audit agent serveur d’allouer de la
mémoire dans ledit processeur de réception pour
recevoir lesdites données de sortie dudit processus
client.

16. Dispositif selon la revendication 14, caracté-
risé en ce que ledit champs de code de fonction de
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ladite zone de boite aux lettres associée audit proces-
seur de réception contient un code de fonction
commandant audit processeur de transmission de
copier lesdites données de sortie dudit processeur
client vers ladite mémoire allouée dans ledit ’proces-
seur de réception.

17. Dispositif selon la revendication 16, caracté-
risé en ce que ledit champs de code de fonction de
ladite zone de boite aux lettres associée audit proces-
seur de transmission contient un code de fonction
commandant audit agent serveur de soumettre la
demande audit processus serveur et de recevoir les
données de sortie selon ce processus.

18. Dispositif selon la revendication 17, caracté-
risé en ce que ledit champs de code de fonction de
ladite zone de boite aux lettres associée audit proces-
seur de réception contient un code de fonction
commandant audit agent client de copier lesdites don-
nées de sortie dudit processus serveur et de soumet-
tre lesdites données audit processus client.

19. Dispositif selon la revendication 18, caracté-
risé en ce que ledit champs de code de fonction de
ladite zone de boite aux lettres associée audit proces-
seur de transmission contient un code de fonction
commandant audit agent serveur de désaffecter
ladite mémoire dudit processeur de réception dudit
bloc de demande interprocesseur et desdites don-
nées.

20. Dispositif selon la revendication 1, caractérisé
en ce que ledit processeur comprend un premier pro-
cesseur, ledit autre processeur comprenant un
second processeur et en ce que ledit moyen de veille
comprend un moyen de fransmission dudit signal
d’interruption dudit premier processeur audit second
processeur, ledit second processeur possédant une
entrée de signal d’interruption correspondante, ledit
moyen de veille comprenant un moyen dans ledit pre-
mier processeur de génération et de transmission
d’un premier type d’instruction possédant une partie
d’adressage contenant I'adresse dudit second pro-
cesseur etune partie de données contenant un signal
de données représentant ledit signal d’interruption et
un moyen de conversion associé audit second pro-
cesseur et prévu pour détecter ledit premier type
d’instruction pour générer ledit signal d’interruption
pour la transmission de ladite entrée de signal
d’interruption, en réponse a ladite instruction, a ladite
portion d’adressage et audit signal de données.

21. Dispositif selon la revendication 20, caracté-
risé en ce que lesdits premier et second processeurs
sont couplés a un bus de systéme pour communiquer,
ledit moyen dudit premier processeur transmettant
ledit premier type d’instruction sur ledit bus de sys-
téme.

22. Dispositif selon la revendication 21, caracté-
risé en ce que ledit second processeur est couplé
audit bus via ledit moyen de conversion.

23. Dispositif selon la revendication 22, caracté-
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ris€ en ce que ledit premier type d’instruction
comprend une instruction d’écriture d’entrée/sortie
(1/0).

24. Dispositif selon la revendication 23, caracté-
risé en ce que la partie de données de ladite instruc-
tion d’écriture 1/O comprend plusieurs bits pour la
désignation de plusieurs signaux d’interruption res-
pectifs et en ce que ledit second processeur
comprend plusieurs entrées de signal d’interruption
respectives desdits signaux d’interruption.

25. Dispositif selon la revendication 24, caracté-
risé en ce que ledit moyen de conversion comprend
un premier registre possédant plusieurs étages cou-
plés audit bus de systéme pour la réception desdits
bits respectifs de la partie de ladite partie de données
et un premier décodeur couplé audit bus de systéeme
et sensible a ladite instruction d’écriture I/O pour per-
mettre audit premier registre de stocker lesdits bits
contenus dans ladite partie de données lorsque ledit
premier processeur transmet ladite instruction d’écri-
ture /O possédant ladite partie d’adressage conte-
nant ladite adresse dudit second processeur, lesdits
étages dudit premier registre fournissant des entrées
respectives auxdites entrées de signal d'interruption
dudit second processeur.

26. Dispositif selon la revendication 25, caracté-
risé en ce que ledit moyen de conversion comprend,
de plus, un second registre possédant plusieurs éta-
ges.

27. Dispositif selon la revendication 26, caracté-
risé en ce que ledit second processeur comprend un
moyen de génération et de transmission d’'une ins-
truction d’écriture I/0O possédant une partie d’adres-
sage contenant 'adresse dudit second registre et une
partie de données contenant un signal de données
comprenant plusieurs bits désignant plusieurs
signaux d’interruption supplémentaires respectifs,
ledit premier processeur possédant respectivement
plusieurs entrées de signal d’interruption correspon-
dantes supplémentaires auxdits signaux d’interrup-
tion supplémentaires.

28. Dispositif selon la revendication 27, caracté-
risé en ce que ledit moyen de conversion comprend
un second décodeur couplé audit second processeur
et sensible aladite instruction d’écriture I/O transmise
par ledit second processeur pour permettre audit
second registre de stocker ledit signal de données
contenu dans ladite partie de données de ladite ins-
truction d’écriture I/O transmise par ledit second pro-
cesseur lorsque ladite instruction d’écriture 1/0 est
transmise par ledit second processeur possédant
ladite partie d’adressage contenant ladite adresse
dudit second registre, lesdits étages dudit second
registre fournissant lesdits signaux d’interruption
supplémentaires audit bus de systéme pour la trans-
mission auxdites entrées de signal d’interruption res-
pectives supplémentaires dudit premier processeur.

29. Dispositif selon la revendication 28, caracté-
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risé en ce que ledit premier processeur comprend un
moyen de génération et de transmission sur ledit bus
de systéme d’un second type d’instruction possédant
une partie d’adressage contenant une adresse repré-
sentant ledit second processeur.

30. Dispositif selon la revendication 29, caracté-
ris€ en ce que ledit second type d'instruction
comprend une instruction de lecture I/O et en ce que
ledit moyen de conversion comprend un troisiéme
décodeur sensible a ladite instruction de lecture 1/O
pour la commande du classement desdites sorties
desdits étages dudit second registre sur ledit bus de
systéme pour la transmission audit premier proces-
seur lorsque ledit moyen dudit premier processeur
transmet sur ledit bus de systéme ladite instruction de
lecture I/O possédantladite partie d’adressage conte-
nant ladite adresse représentant ledit second proces-
seur.

31. Procédé pour effectuer une communication
parmi plusieurs processeurs numériques (22), un
desdits processeurs servant de processeur de trans-
mission possédant un message a transmettre a un
autre desdits processeurs servant de processeur de
réception, ledit procédé utilisant une mémoire
commune (21) accessible a tous lesdits processeurs,
ladite mémoire commune possédant plusieurs zones
de boite aux lettres (123 a 125) correspondant auxdits
processeurs respectifs, lesdits zones de boite aux let-
tres correspondant audit processeur de transmission
utilisé pour le transfert des messages dudit proces-
seur de transmission auxdits processeurs de récep-
tion, ledit processeur de transmission générant et
insérant ledit message comprenant un signal d’adres-
sage représentant ledit second processeur dans
ladite zone de boite aux lettres correspondant audit
processeur de transmission, procédé caractérisé en
ce qu’un signal d’interruption est envoyé audit pro-
cesseur de réception & partir dudit processeur de
transmission pour alerter ledit processeur de récep-
tion gu'un message adressé audit processeur de
réception est dans une desdites zones de boite aux
lettres et par interrogation, par ledit processeur de
réception en réponse audit signal d’interruption, des-
dites zones de boite aux lettres pour trouver une zone
de boite aux lettres possédant un signal d’adressage
représentant ledit processeur de réception, ledit pro-
cesseur de réception trouvant ainsi ledit message
dans ladite zone de boite aux lettres contenant son
signal d’adressage.

32. Procédé selon la revendication 31, caracté-
risé en ce que ledit message a transmettre audit pro-
cesseur de réception est généré et inséré dans ladite
zone de boite aux lettres associée audit processeur
de transmission avec un signal d'adressage repré-
sentant ledit processeur de réception, en ce qu’'un
signal d’interruption est envoyé audit processeur de
réception pour alerter ledit processeur de réception
qu’il a un message en instance par interrogation par
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ledit processeur de réception desdites zones de botte
aux lettres pour trouver une zone de boite aux lettres
possédant un signal d’adressage représentant ledit
processeur de réception trouvant ainsi ledit message
dans ladite boite aux lettres possédant son signal
d’adressage.

33. Procédé selon la revendication 32, caracté-
risé en ce que lesdites zones de boite aux lettres
associées audit processeur de réception et audit pro-
cesseur de transmission sont respectivement effa-
cées lorsque ladite communication est terminée.
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